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Background: The aim of this paper was to develop a reverse transcription loop-mediated isothermal amplification
(RT-LAMP) method for rapid, sensitive and inexpensive detection of astrovirus.
Results: The detection limit of LAMP using in vitro RNA transcripts was 3.6×10 copies·μL-1, which is as sensitive as
the presently used PCR assays. However, the LAMP products could be identified as different colors with the naked
eye following staining with hydroxynaphthol blue dye (HNB). No cross-reactivity with other gastroenteric viruses
(rotavirus and norovirus) was observed, indicating the relatively high specificity of LAMP. The RT-LAMP method with
HNB was used to effectively detect astrovirus in reclaimed water samples.
Conclusions: The LAMP technique described in this study is a cheap, sensitive, specific and rapid method for the
detection of astrovirus. The RT-LAMP method can be simply applied for the specific detection of astrovirus and has
the potential to be utilized in the field as a screening test.
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Human astroviruses (HAstV) have been shown in sev-
eral epidemiologic outpatient studies to be an important
cause of viral gastroenteritis in infants and young chil-
dren. HAstV have been associated with outbreaks in
day-care centers for children and adults [1]. The inci-
dence of astrovirus infections has been estimated at
between 5% and 10% in children with gastroenteritis [2].
The reported frequency of infection by astrovirus was
8% during the winter season (from December 2000 to
March 2001) in Beijing [3].
Astroviruses are among the most resistant viruses; they
show resistance against different physical and chemical
agents, they are able to maintain their infectivity at 60°C
for 10 min, and they are resistant to treatment at pH 3 [4].* Correspondence: lenahe@bjfu.edu.cn; wizard.jin@163.com
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reproduction in any medium, provided the orAstroviruses spread via the fecal–oral route, through
direct personal contact, or via contaminated food and
water, and they have been reported to affect otherwise
healthy people exposed to astrovirus-contaminated food
or water [1]. However, the number of reports on astro-
virus detection is relatively low.
Several detection methods have been developed to detect
the presence of astrovirus in clinical isolates, raw sewage
samples, groundwater and surface water, including cell
culture [1], enzyme immunoassay and nucleotide sequen-
cing [5], and PCR-based assays [4]. All of these methods
are effective and accurate in detecting the virus infection
in the laboratory. However, these methods have some
intrinsic disadvantages such as the requirement for
expensive equipment and reagents, and being laborious
and time consuming, and are thus unfavorable for use
on a wide scale. A detection method that is not only
rapid and sensitive, but also simple and economical to
handle, is needed for practical application.d. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.









Figure 1 Detection of LAMP products by observation of white turbidity and the color of the reaction mixture. (A) LAMP detection of
astrovirus by electrophoresis; (B) Color reaction with HNB; (C) White precipitates M: Marker; CK: Blank control; S: Astrovirus.
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loop-mediated isothermal amplification (RT-LAMP) reac-
tion was developed as an alternative method. The LAMP
assay is a rapid, accurate and cost-effective diagnostic
method that amplifies the target nucleic acid under iso-
thermal conditions, usually between 60°C and 65°C [6].
Hence, only simple equipment such as a heating block or
a water bath is required. The final products of the RT-
LAMP reaction are DNA molecules with a cauliflower-
like structure and multiple loops consisting of several
repeats of the target sequence [7]. LAMP has been applied
for the specific detection of aquatic animal viruses such as
foot-and-mouth disease virus [8], Singapore grouper iri-
dovirus [9] and H1N1 2009 virus [10,11].
The LAMP reaction results in large amounts of pyro-
phosphate ion byproduct. These ions react with Mg2+
ions to form the insoluble product, magnesium pyrophos-
phate. Because the Mg2+ ion concentration decreases as
the LAMP reaction progresses, the LAMP reaction can be
quantified by measuring the Mg2+ ion concentration in
the reaction solution [12]. Hydroxynaphthol blue (HNB)
is used for colorimetric analysis of the LAMP reaction.
The HNB dye-based assay has a remarkable advantage
compared with other color-based assays [11,12] in that
HNB is mixed prior to amplification. The need to open
the assay samples to add the dye is thereby omitted, thus
reducing the risk of cross-contamination.
HAstV is classified into eight distinct antigenic sero-
types, HAstV 1–8, with serotype 1 predominating in most
countries [13]. HAstV-1 was also identified as the pre-
dominant serotype in China [14]. Wei et al. [13] developed
a one-step, real-time reverse-transcription LAMP (rRT-
LAMP) method with a turbidimeter targeting the 5’ end
of the capsid gene for rapid and quantitative detection of
HAstV-1 from stool specimens. In our study, RT-LAMP
with HNB for specific, rapid and sensitive detection ofHAstV-1 in water samples was developed. To our
knowledge, this is the first report of the application of
RT-LAMP with HNB to HAstV-1.Results
Optimized LAMP reaction
The LAMP reaction was performed using plasmid DNA
as template to determine the optimal reaction conditions.
The optimal concentrations of betaine and Mg2+ ion in
the LAMP reactions were 1 mmol·L-1 and 4 mmol·L-1,
respectively (data not shown). The amplicon was formed
at 63, 64, 65 and 66°C, with the optimal temperature for
product detection being 65°C. Thus, 65°C was used as the
optimum temperature for the following assays. Although
we could detect well-formed bands at 60 min, the reaction
time was extended to 90 min to ensure positive detection
of lower concentration templates in the system.
Naked-eye observation of LAMP products using HNB
The LAMP reaction was incubated in a conventional
water bath at 65°C for 90 min, followed by heating at 80°C
for 2 min to terminate the reaction. The ability to detect
astrovirus LAMP products using HNB was examined.
Positive amplification was indicated by a color change
from violet to sky blue, as shown in Figure 1B, and verified
by agarose gel electrophoresis (Figure 1A) and white
precipitates (Figure 1C). The positive color (sky blue)
was only observed with the reference virus, whereas
none of the control viruses showed a color change.
Specificity and sensitivity of the LAMP assay
The sizes of the LAMP fragments digested with the re-
striction enzyme, EcoN1, were analyzed by electrophor-
esis, and the results showed agreement with the predicted
sizes of 84 and 135 bp (Figure 2A). The specificity of




















Figure 2 Specificity of astrovirus detection using the LAMP assay.
(A) Restriction analysis; (B) Specificity analysis of cross-reaction by
electrophoresis M: Marker; CK: Blank control; S: LAMP products after
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Figure 3 Sensitivity analysis of LAMP detection of astrovirus. (A) Elect
1: Astrovirus RNA 3.6 × 109 copies·μL-1; 2: 3.6 × 108 copies·μL-1; 3: 3.6 × 107 co
copies·μL-1; 7: 3.6 × 103 copies·μL-1; 8: 3.6 × 102 copies·μL-1; 9: 3.6 × 10 co
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viruses: rotavirus and norovirus. The results of the LAMP
assay were positive for astrovirus and negative for rota-
virus and norovirus (Figure 2B).
The reaction was tested using 5 μL of 10-fold serial dilu-
tions of in vitro RNA transcripts (3.6×109 copies·μL-1) and
compared with PCR assays. The detection limit of LAMP
using astrovirus RNA was 3.6× 10 copies·μL-1 (Figure 3A
and B), and the LAMP reaction followed by colorimetric
analysis could be completed within 100 minutes. Similarly,
the detection limit of PCR was also 3.6× 10 copies·μL-1,
but followed by gel electrophoresis required about 3 h for
completion (data not shown).Evaluation of RT-LAMP assay with reclaimed water samples
Comparative evaluation of RT-LAMP with routine RT-
PCR was performed to examine astrovirus in 12 reclaimed
water samples. Five samples (No. 2, 3, 4, 6, 9) were posi-
tive and the frequency of astrovirus detection was 41.7%
(5/12) with RT-LAMP (Figure 4A and B). In contrast, four
samples (No. 2, 3, 6, and 9) were positive and the fre-
quency of astrovirus detection was 33.3% (4/12) with
RT-PCR (data not shown). This may indicate that the
astrovirus RT-LAMP assay is slightly more sensitive6 7 8 9 10 11
rophoresis; (B) Color reaction with HNB M: marker; CK: Blank control;
pies·μL-1; 4: 3.6 × 106 copies·μL-1; 5: 3.6 × 105 copies·μL-1; 6: 3.6 × 104
pies·μL-1; 10: 3.6 copies·μL-1; 11: 3.6 × 10-1 copies·μL-1.
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Figure 4 LAMP for detection of astrovirus in water samples. (A) Electrophoresis (B) Color reaction with HNB M: Marker; CK: Blank control; S:
Astrovirus; 1-12: Samples.
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samples with very low viral titers.
Discussion
This study demonstrated that the LAMP method described
here for astrovirus detection is highly sensitive, and can
detect as few as 3.6× 10 copies·μL-1 of astrovirus tem-
plate RNA. The detection limit of the RT-LAMP assay
with HNB for pandemic influenza A H1N1 virus was
approximately 60 copies in a 25 μL reaction mixture [11].
Detection of target DNA by LAMP compared with detec-
tion by PCR was at least equivalent or more sensitive [9].
This was confirmed by results showing that the detection
limit of LAMP was as sensitive as the currently used PCR
assays for the detection of astrovirus.
Though DNA plasmid is served as template for opti-
mizing virus detection assays in some cases [13] since
RNA molecules are not stable in vitro. However, plasmid
DNA is not fully representative of RNA viruses such as
astrovirus. And RNA transcripts in vitro will be better
served as a template for the optimization of this assay.




FIP Forward inner prime (F1C-TTTT-F2)
BIP Backward inner primer (B1C-TTTT-B2)transcripts, which will provide important comparative
reference to other laboratories doing similar research.
In this study, we only compared the specificity of the
reaction for astrovirus, rotavirus and norovirus because
the reported frequencies of infection by rotavirus, astro-
virus and norovirus are 59%, 8% and 6%, respectively, in
Beijing [3]. Astrovirus, rotavirus and norovirus are the
top three viruses associated with diarrhea. Regarding the
specificity among different serotypes of astrovirus, a similar
study using primers from the same conserved capsid pro-
tein (ORF2) gene of HAstV-1 indicated that the LAMP
assay had a high degree of specificity for HAstV-1 [13]. In
future experiments, we will synthesize the target sequences
of HAstV 2-8 and transcribe them in vitro. The resulting
RNA segments will then be used to investigate cross-
reactivity with the HAstV-1-specific LAMP primers.
The use of HNB for visual inspection of LAMP ampli-
fication products was a simple and effective technique,
with no gel electrophoresis and staining with ethidium
bromide required. Hence, LAMP is a superior method
in terms of its economic feasibility and safety. The HNB
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Figure 5 Oligonucleotide primers used for RT-LAMP of astrovirus.
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reaction tube is not required to determine whether the
reaction is positive or negative (this reduces the risk of
cross-contamination); (ii) the detection sensitivity is equiva-
lent to that of SYBR green assays; and (iii) the positive/
negative result of the LAMP reaction can be easily judged
with the naked eye [12]. This colorimetric assay is superior
to the existing colorimetric assays for LAMP with regard
to reducing contamination risks, and is helpful in high-
throughput DNA and RNA detection [12]. Thus, RT-
LAMP with HNB dye was shown to be a sensitive and
simple assay for detection of many viruses [11]. Although
quantitative detection is difficult, inspection with the
naked eye was simple and rapid. Therefore, it may facili-
tate the application of LAMP as a field test [9].
Using the LAMP assay, we were able to detect astrovirus
in various environmental water samples with a simple water
bath. A water bath is the only equipment needed, and
is used for both the DNA preparation and nucleic acid
amplification. With no complicated equipment and tech-
nical training, LAMP is very simple to perform and of-
fers advantages compared with other techniques [9].
Additional studies, including improvements in sensitivity
and validation of visual testing with a larger number of
water samples, are necessary before this method can be
applied widely for routine testing both in the laboratory
and in the field. The simplicity, ease of use and cost-
effectiveness of this method makes it an attractive assay
for the rapid screening of human astrovirus.Conclusions
The LAMP technique described in this study is a cheap,
sensitive, specific and rapid method for the detection of
astrovirus. The RT-LAMP method can be simply appliedfor the specific detection of astrovirus and has the poten-
tial to be utilized in the field as a screening test.
Methods
Design of RT-LAMP primers
A set of four species-specific RT-LAMP primers was
designed to target the HAstV-1 capsid protein gene
(ORF2), as described by Guo et al. [5,14]. The RT-LAMP
primers were designed using the Primer Explorer 4.0
software program (http://primerexplorer.jp/e/), and were
named as follows: forward outer primer, F3; backward
outer, B3; forward inner primer, FIP; and backward inner
primer, BIP. The primer sequences and their locations are
indicated in Table 1 and Figure 5.
Construction of the pGH plasmid
A recombinant plasmid, pGH-A-X3178G, was constructed
as a template for the development of the astrovirus RT-
LAMP protocol. A 449 bp astrovirus ORF2 DNA segment
(GenBank accession number, GQ169035.1) was amplified
and cloned into the pGH vector (AOKE Bio Co. Ltd.,
Beijing, China) according to the manufacturer’s instruc-
tions. The DNA segment spanned the sequences between
the F3 and B3 primers.
LAMP reaction
The preliminary LAMP for the astrovirus DNA in the
plasmid template was carried out in a 25 μl reaction
containing 0.2 μmol·L-1 each of F3 and B3, 1.6 μmol·L-1
each of FIP and BIP, l mmol·L-1 dNTPs, l mol·L-1 betaine,
6 mmol·L-1 MgSO4, 2.5 μL 10× Bst-DNA Polymerase
Buffer, 8 U Bst DNA polymerase (NEB, Beijing, China)
and 5 μL template DNA. The reaction time was optimized
by incubating the mixture for 15, 30, 60, 90 and 120 min
at 65°C, while the reaction temperature was optimized by
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for 60 min. The concentrations of betaine and Mg2+ ion
in the LAMP reaction solutions were optimized using a
series of concentrations from 1 mol·L-1 to 4 mol·L-1 and
from 1 mmol·L-1 to 7 mmol·L-1, respectively. The reaction
was terminated by heating at 80°C for 5 min. The LAMP
products (5 μL) were electrophoresed on 1.5% agarose gels
and stained with GoldView to determine the optimal con-
ditions. The possibility of LAMP detection of astrovirus
using HNB (Lemongreen, Shanghai, China) was examined.
HNB was dissolved in distilled water at 1.5 mM to prepare
a stock solution, and the reaction solution contained a final
HNB concentration of 120 μM [12]. For the sensitivity
assay and reclaimed water, 1 μL avian myeloblastosis virus
reverse-transcriptase (10 U/μL, Invitrogen, Carlsbad, USA)
was added to the reaction mixture.
PCR detection
PCR amplification of astrovirus DNA in plasmids was
performed using the following reaction conditions: 5 μL
10× Ex-Taq buffer, 50 μmol·L-1 dNTPs, 0.12 μmol·L-1 F3,
0.12 μmo ·L-1 B3, 2.5 U Ex-Taq DNA polymerase (TaKaRa,
Dalian, Chian), 10 μL template DNA. Amplification condi-
tions were as follows: 94°C, 3 min; 40 cycles of 30 s at
94°C, 30 s at 50°C and 1 min at 72°C; with a final exten-
sion of 5 min at 72°C. A positive control and a negative
control (nuclease-free water) were included for each PCR
assay. The amplified DNA fragments were analyzed by
electrophoresis on a 1.5% agarose gel and stained with
GoldView. For the sensitivity assay and reclaimed water,
1 μL avian myeloblastosis virus reverse-transcriptase
(10 U/μL, Invitrogen, Carlsbad, USA) was added into
the reaction mixture.
Specificity of the LAMP assay
The specificity of the assay was tested using DNA from
astrovirus and two other enteric viruses as templates,
including rotavirus and norovirus. In order to confirm
the specificity of the LAMP reaction, the LAMP products
were digested with the restriction enzyme, EcoN1 (NEB,
Beijing, China), electrophoresed on 1.5% agarose gels and
stained with GoldView. Based on theoretical calculations,
the sizes of the main bands cut by EcoN1 should be 84 bp
and 135 bp.
Sensitivity of the LAMP assay
The detection limits of the rotavirus LAMP assay were
evaluated using 10-fold serial dilutions of in vitro RNA
transcripts. The astrovirus RNA (3.6×109 copies·μL-1)
was 10-fold serially diluted and 5 μL of each dilution was
used as a template for the LAMP reaction. The optimum
concentrations of betaine and Mg2+ ion determined as
described above were added to the reaction mix. Thereaction was performed at 65°C for 90 min and compared
with a PCR assay.
Application of RT-LAMP for the detection of astrovirus in
reclaimed water samples
Twelve reclaimed water samples previously collected from
sewage treatment plants were selected for RT-LAMP
analysis. Two-liter samples of surface water were collected
in sterile bottles and transferred to the laboratory, where
they were immediately stored at 4°C for viral and bacterial
investigations. A modified method developed for concen-
trating viruses in effluent from sewage treatment plants,
including reclaimed water, was used to concentrate the
water samples [15]. RNA was extracted using the Qiagen
Viral RNA Extraction Kit (Qiagen, Germany) according to
the manufacturer’s instructions, as described previously
[16]. The 50 μl RNA eluates were stored at −80°C prior to
amplification of nucleic acid. RT-PCR was carried out as
control assay.
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